Clinical Investigation nature publishing group BACKGROUND: A low-glycemic index (GI) diet may be beneficial for weight management due to its effect on insulin metabolism and satiety. METHODS: Obese children aged 9-16 y were randomly assigned either a low-GI diet or a low-fat diet (control group) for 6 mo. Body composition changes were measured by dualenergy X-ray absorptiometry and bioelectrical impedance analysis. Insulin sensitivity was measured by fasting plasma glucose and insulin. RESULTS: Fifty-two participants completed the study (mean age: 12.0 ± 2.0 y, 35 boys); both groups showed significantly decreased BMI z-score but similar changes in fat and fat-free mass. The low-GI group demonstrated a significant decline in fasting plasma insulin (22.2 ± 14.3 to 13.7 ± 10.9 mU/l; P = 0.004) and homeostatic model of assessment-insulin resistance (4.8 ± 3.3 to 2.9 ± 2.3; P = 0.007), whereas the control group did not. However, general linear model showed no significant difference in insulin resistance between groups after adjusting for baseline levels, suggesting that the greater reduction in insulin resistance in the low-GI group may be explained by higher baseline values. CONCLUSION: Despite subtle effects on body composition, a low-GI diet may improve insulin sensitivity in obese children with high baseline insulin. A bigger study in obese children with insulin resistance could be worthwhile to confirm our findings.
C
urrently, the prevalence of childhood obesity has been increasing worldwide (1) . The Centers for Disease Control and Prevention reported that about 17% of children and adolescents in the United States aged 2-19 y were obese (2) . Furthermore, the prevalence of the metabolic syndrome has been rapidly rising in obese children, and with it, the risk of cardiovascular disease (3) . About 60% of overweight children have at least one cardiovascular disease risk factors such as hypertension, dyslipidemia, and insulin resistance. In addition, more than 25% of them have more than one type of cardiovascular disease risk factors (1) . The common complications of childhood obesity are the metabolic syndrome (hypertension, dyslipidemia, insulin resistance, and type 2 diabetes), obstructive sleep apnea, nonalcoholic steatohepatitis, polycystic ovary syndrome, orthopedic complications, and premature atherosclerosis (4) .
At present, we are unable to describe the exact etiology of obesity, but one of the most common causes is an imbalance between energy intake and physical activity. Treatment of obesity is difficult and can be done by several approaches, including dietary control (such as low-fat, low-energy diet), physical activity program, behavioral modification (such as generating weight reduction goal, self-monitoring, as well as positive reinforcement by parents), and medical treatment. There are many pediatric patients seeking hospital-based obesity treatment. Most of them have one or more of the complications of obesity mentioned above as well as a loss of their self-esteem and social lives. In general, conventional clinical management, including advice about low-energy diet together with increasing exercise, has not achieved satisfactory results, partially due to the restrictiveness of the diet. The glycemic index (GI) is the percentage of incremental area under the 2-h blood glucose response curve of a test food divided by the corresponding area of a reference food containing the same amount of available carbohydrate (i.e., 50 g of glucose). The low-GI diet, which includes foods with GI less than 55 (such as high-fiber fruits, beans, brown rice), can blunt the postprandial glucose response, slow down insulin secretion, and lead to longer satiety, hence it may be beneficial for weight reduction (5) . However, the effectiveness of a low-GI diet in the treatment of pediatric obesity has not been well evaluated. There are few studies in obese children on BMI reduction (6) (7) (8) and fat mass reduction (9) (10) (11) (12) , and some of these studies showed an improvement in insulin sensitivity (9, 12) ; however, their sample sizes were quite small, and most of the studies were conducted in western countries and may not be applicable to Thai cuisine. In Thailand, the staple food is rice which has several varieties. Increased consumption of the low-GI varieties such as brown rice, thin rice noodle, or glass noodle could lower the GI and glycemic loads (GL) of the diet substantially. Moreover, most of the Thai dishes generally consist of several vegetables and fruits RESULTS A total of 70 children (47 boys, 23 girls) were enrolled and randomly allocated into two groups: 35 in the control group and 35 in the intervention group (Figure 1) between January 2010 and January 2013. Fifty-two out of 70 participants completed all six visits, 27 in the control group and 25 in the intervention group. The demographic data and baseline characteristics of both groups were compared and presented in Table 1 . Mean age in the control group was 12.0 ± 2.1 y and in the intervention group was 11.9 ± 1.9 y. There were no significant differences in baseline anthropometry, body composition, and laboratory tests (P > 0.05) except for fasting plasma insulin, homeostatic model of assessment-insulin resistance (HOMA-IR), and serum LDL cholesterol (C) which were higher in the intervention group. All analyses followed the intention-to-treat principle. The information about total energy intake and low-GI diet intake were shown in Table 2 . Total energy intake in the low-GI group significantly decreased after the intervention. Along with a decline in total energy intake, daily consumption of the low-GI foods increased significantly in the intervention group (5.1 ± 1.1 (range 3-8) vs. 1.5 ± 0.8 (0-3) items/d), whereas no change was observed in the control group (P = 0.26). Regarding physical activity, 13 of 27 obese children in the control group and 13 of 25 obese children in the intervention group were physically active (exercise >3 d/wk and >30 min/time). The common feature of exercise was brisk walking in both groups.
Despite increased body weight between the first and the sixth visits in both groups, BMI z-score significantly decreased in the control (P = 0.015) and the intervention groups (P < 0.0001). However, waist circumferences did not show significant changes in both groups (P > 0.05). Longitudinal changes in body composition measured by bioelectrical impedance analysis (BIA) were shown in Figure 2 . There were no significant differences in the trend of fat mass index (FMI), fat-free mass index (FFMI), and percentage of fat in both groups (P for trend 0.09-0.84). Within groups comparison between most metabolic syndrome profiles, namely, blood pressure, fasting plasma glucose, and serum lipid profiles, showed no significant difference between the first and the sixth visits in both groups (Table 3) . Nonetheless, fasting plasma insulin and HOMA-IR significantly decreased in the intervention group (22.2 ± 14.3 vs. 13.7 ± 10.9 mU/l; P = 0.004 and 4.8 ± 3.3 vs. 2.9 ± 2.3; P = 0.007, respectively). There were no significant differences in the change in BMI, BMI z-score, and waist circumference between the two groups ( Table 4) . When the mean differences in FMI, FFMI, and percentage of fat during the study period were compared between the control and intervention groups, there were also no significant differences (P > 0.05). Fasting plasma insulin and HOMA-IR were much reduced in the intervention group compared with the control group. However, general linear model showed no significant difference in change of plasma insulin and HOMA-IR between groups after adjusting for baseline levels. Moreover, there was no significant interaction between baseline insulin and the treatment groups. Multiple regression analysis showed that plasma insulin in the sixth visit was decreased by 0.67 mU/l (95% confidence interval: 0.44-0.91) for each increment of 1 mU/l of baseline insulin. Likewise, fasting plasma glucose and HOMA-IR in the sixth visit were decreased by 0.41 mmol/l (95% confidence interval: 0.05-0.69) and 0.72 (95% confidence interval: 0.38-0.90) for each increment of 1 mmol/l of baseline plasma glucose and HOMA-IR, respectively.
DISCUSSION
This was the first randomized controlled trial in Thailand comparing the effectiveness of a low-GI diet and conventional energy restriction in the treatment of obese pediatric patients. 
Articles
From the results of this study, both groups of patients had a significant decrease in BMI z-score during the 6-mo period. However, the body composition measured by BIA and dualenergy X-ray absorptiometry (DXA) did not demonstrate significant change from baseline in both groups. In our study, the percentage of fat and FMI measured by BIA are lower than those measured by DXA by 10 and 11%, respectively. Moreover, the correlation of percentage of fat between both techniques is 0.77, and the correlation of FMI is 0.91. The previous study in 27 obese children from Austria reported that BIA underestimated body fat by around 12% compared with DXA which reconcile with our findings (13) . Nonetheless, these differences would not change the main outcomes because the comparison between the low GI group and the control group was made within the same technique. Our results were similar to a clinical trial on the effects of a low-GL diet vs. low-fat diet in obese Hispanic American children and adolescents (7) that reported a significant decrease in BMI z-score but showed no significant difference in BMI and body composition from baseline in both groups. Siegel et al. (8) found that the traffic light approach, in which the GIs of foods were simply classified as green, yellow, or red, effectively reduced BMI in obese children because of its simplicity, resulting in better adherence. There have been previous studies of low-GI diet in obese children (9-12) who had significant changes in body composition when they received instruction about this diet. A study of 14 obese children divided into two groups receiving a reduced-GL vs. reduced-fat diet by Ebbeling et al. (12) found BMI and FM decreased more in the low-GL group at 12 mo. Intensive intervention by 12 dietary behavioral therapy counseling sessions for 6 mo followed by two dietary counseling sessions for 6 mo afterward may have caused this reduction in FM, not observed in our study. Two other studies of low-GI diets have shown decreases in fat percentages that may be attributed to intensive intervention (9, 10) . A crossover study by Pal et al. (14) of participants receiving a low-GI breakfast for 21 d and low-GI diet instruction for other meals demonstrated, similar to our study, a decreasing trend of fat percentage without statistical significance and higher satiety ratings before lunch during the low-GI study period. This result was comparable to another study in children on the influence of a low-GI diet on satiety (15) . Our finding that participants in the intervention group had lower energy intake compared with those in the control group may be resulted from this mechanism of prolonged satiety.
We believe that the mechanism of weight loss and body fat reduction resulted from a low-GI diet is probably a gradual increase in plasma glucose that slows insulin secretion, which may subsequently cause prolonged satiety, thus decreased food ingestion, leading to a decrease in body weight and body fat (16) . Conversely, the high-GI diet may quickly stimulate insulin secretion, which could then lower plasma glucose rapidly, thereby causing excessive hunger, over-eating, and lipogenesis (16) . This prolonged hyperinsulinemia would have the effect of directing nutrients from oxidation to storage (6) . In fact, some studies demonstrated that hyperinsulinemia due to ingestion The low-GI diets include foods with GI less than 55. The number of the low-GI diet intake was calculated as items/day by counting as types of diets/ day. Articles Visuthranukul et al.
of a high-GI diet led to decreased hepatic fat oxidation and then increased food consumption resulting in an increase in body weight and fat (17, 18) .
Obesity has a strong correlation with the metabolic syndrome consisted of hypertension, dyslipidemia, insulin resistance, and type 2 diabetes. Our study found a significant decrease in fasting insulin and HOMA-IR in the low-GI group but no significant change in fasting insulin or HOMA-IR in the control group. Therefore, this finding reveals that the low-GI diet might improve insulin sensitivity in obese children, similar to the data from adult population which found reduced postprandial hyperinsulinemia after the low-GI diet in obese prediabetic adults (19, 20) . In spite of this, there were no significant differences in insulin sensitivity after a low-GI diet in some studies (21, 22) . Shikany et al. (21) studied the effects of low-and high-GI/GL diets on coronary heart disease risk factors in 24 overweight and obese men. The participants showed no significant differences in glucose and insulin levels between both groups. This may have been because of the short study period in 4 wk for low-GI/GL diet-similar to another study (22) -and the small sample size.
An improvement of insulin sensitivity may have been caused by reduced insulin demand, decreased glucotoxic effect on β cells, decreased β-cell dysfunction, and prolonged suppression of free fatty acid release, which decreased their accumulation in β cells (23, 24) . On the other hand, a high-GI diet could conversely result in high postprandial insulin so blood glucose might rapidly decrease with an increase in counter-regulatory hormones causing declining insulin sensitivity (25) . In addition, the high-GI diet also results in increasing lipid accumulation in skeletal muscle and liver which may cause insulin signaling defects and insulin resistance, and triacylglycerol accumulation in β cells also leads to decreased insulin secretion (23, 26, 27) .
Due to the difference of baseline insulin levels between the two groups, we did general linear model and multiple regression analysis to adjust for the difference of baseline fasting plasma glucose, insulin, and HOMA-IR. The baseline fasting plasma glucose, insulin, and HOMA-IR had a greater effect on the mean difference of these results compared with the type of treatments. A better reduction in insulin resistance was demonstrated in the low-GI group; however, this appeared to be explained by higher baseline values, and the baseline level was the greater predictor of change in insulin resistance. These findings suggest that the low-GI diet could have more The low-GI diets include foods with GI less than 55. The number of the low-GI diet intake was calculated as items/day by counting as types of diets/day. GI, glycemic index. Articles beneficial effect on insulin sensitivity in obese children with high baseline insulin, although we cannot demonstrate significant interaction between baseline insulin and group by general linear model which might be due to a small sample size. Therefore, we proposed the low-GI diet instruction for obese children who have insulin resistance or diabetes which may provide additional benefits on insulin sensitivity. In the future, in order to discernibly prove this hypothesis, a trial should be conducted comparing changes in insulin resistance in obese children with high baseline insulin levels who are randomized to receive either low-GI or conventional instructions. Before starting this study, we had anticipated that the low-GI diet participants would noticeably decrease in FMI and percentage of fat while increasing in FFMI before any change in BMI z-score and blood chemistry. Nevertheless, from the dietary intake data, the actual energy intake from both groups was far higher than that were instructed despite the significant changes in the amount of low-GI foods consumed in the intervention group. Thus, this might result in subtle changes in body composition. Additionally, the effect size of BMI z-score difference of 0.78 may be too large for this kind of intervention which might bring about less change in body composition. We used the data from 52 participants who completed all six visits without selecting some children who had good compliance because we wanted to study the effects of realistically achievable low-GI diet on all of the outcomes in their daily routine lives situation. This intention-to-treat approach may underestimate the efficacy of the low-GI diet.
In conclusion, despite only subtle effects on body composition, a low-GI diet might improve insulin sensitivity in obese children who have high baseline insulin. This finding could be applied in other pediatric settings. Instead of conventional advice of caloric restriction which may be too restrictive for some children, modest caloric reduction with substitution of high-GI foods with its low-GI varieties could be more acceptable. A possible further study may recruit a larger sample size Independent sample t-test was used to compare the data between the two groups.
Participants
Children aged between 9 to 16 y with BMI higher than the International Obesity Task Force cutoff, corresponding to BMI of 30 in adulthood (28) were recruited from the King Chulalongkorn Memorial Hospital. Children who had behavioral and intellectual problems that might be an obstacle to follow the diet instruction were excluded from this study. Children who had underlying diseases that might affect a weight management program, who used drugs associated with weight increment or reduction, as well as those who attended other weight management programs were also excluded from this study.
The sample size was calculated according to the previous findings from other obesity intervention trials. The difference in BMI z-score of 0.78 that would represent the minimal clinically significant difference was used (29) . To provide 80% power and significance of 0.05, a minimum of 26 participants in each group was needed. Dropout rate of 25% was estimated; therefore, a total of 70 participants were required.
Interventions
For the intervention group, individual goals for weight management were set and the instruction about low-GI foods was provided. A dietitian emphasized the selection of low-GI carbohydrates, which were adapted from the table by Foster-Powell et al. (30) to fit Thai culture and their routine lives. The energy distribution was carbohydrate, 50-55%; protein, 15-20%; and fat, 30-35%. Each visit consisted of a 2-h, small class teaching session with parental participation (4-5 families/class). The contents varied from the first to the sixth visit, starting from portion size and food exchange, modest energy restriction, principle of GI, sources of low-GI diet, cooking demonstration of low-GI dishes, guidance about food labeling, and some games about GI of common food and beverages. The control group received conventional instructions at the Nutrition Clinic about lowenergy (~1,200-1,300 kcal/d), low-fat (25% of total energy from fat), and high-fiber diet by another dietitian who gave the dietary advices with special emphasize on the energy restriction such as energy count and how to avoid high-fat Thai dishes as well as sources of high-fiber diet. In addition, the participants in both groups received the same instruction about physical activity, by increasing non-weight-bearing exercise 30 min per day at least three times per week, increasing physical activity in their routine lives and decreasing sedentary activity.
Both groups needed to maintain the monthly visits for 6 mo. The adherence to the nutritional education and physical activity recommendation was evaluated by using 3-d dietary records (two week days and one weekend day) and a physical activity questionnaire at each visit. All participants were examined and counseled about physical activity and life style modification strategies by a pediatrician at every visit.
Outcome Measurements
Primary outcomes. Anthropometric measurements were taken at baseline and at every visit of this study. Weight and height were measured without shoes and with light clothing using a stadiometer to the nearest 0.1 kg and to the nearest 0.1 cm, respectively. Waist circumference was measured at the umbilicus level after normal exhalation with participants in standing position. Hip circumference was measured at the maximum circumference of the hips. Mid-upper arm circumference was measured the circumference at the middle point between the olecranon process of the ulna and the acromion process of the scapula. BMI was calculated as usual method weight in kilograms divided by the square of height in meters (kg/m 2 ), and BMI z-score was calculated based on World Health Organization (WHO) 2007 growth reference using WHO AnthroPlus program (31) .
The primary outcomes were body composition changes, which refer to FM and FFM during the 6-mo period, measured by two validated techniques. BIA (BodystatQuadscan 4000; Bodystat, Isle of Man, British Isles), which measured the body resistance to small voltage electrical current, was performed at every visit to calculate the FM and FFM. DXA (Hologic QDR Discovery A) was performed on the first and sixth visits. FMI and FFMI were then calculated by FM or FFM in kilograms divided by the square of height in meters (kg/m 2 ) (32).
Secondary outcomes. The secondary outcomes were metabolic syndrome risk changes which were blood pressure, fasting plasma glucose, plasma insulin, and serum lipid profiles. Blood pressure was measured by blood pressure monitor (Dinamap). Venous blood was obtained after a 12-h fast to evaluate biochemical parameters at the first and sixth visits of the study. Plasma glucose was measured by the hexokinase method (GLUCOSE, Architech; Abbott Laboratories, Irving, TX), and plasma insulin was measured by chemiluminescence (Immulite/Immulite 1000 Insulin assay, Immulite Analyzer; Abbott Laboratories). Serum total cholesterol, HDL cholesterol (C), and triglyceride were measured by enzymatic colorimetric assay (CHOLESTEROL, Architech; ULTRA HDL, Architech; and TRIGLYCERIDE, Architech; Abbott Laboratories). Serum LDL (C) was measured by homogeneous liquid selective detergent (DIRECT LDL, Architech; Abbott Laboratories). Serum aspartate aminotransferase and alanine aminotransferase were determined according to the standard of international federation of clinical chemistry (ASPARTATE AMINOTRANSFERASE, Architech and ALANINE AMINOTRANSFERASE, Architech; Abbott Laboratories). HOMA-IR was calculated from (FI × FPG)/22.5, FI is fasting insulin concentration (mU/l) and FPG is fasting plasma glucose (mmol/l) (33) .
Statistical Analysis SPSS version 20 was used for statistical analysis, and significance was defined as P < 0.05. The values in the text and tables were reported as means ± SDs. Paired t-test for dependent samples was used to evaluate the changes within the groups before and after the 6-mo period. Independent sample t-test was used to compare the changes between the two groups. Repeated measures ANOVA was used to compare the changes of FMI, FFMI, and percentage of fat in each visit in the control group and intervention group. In addition, multiple regression analysis and general linear model were used to adjust the difference of baseline insulin in both groups.
